Summary
Neuromuscular development was studied for 12 weeks in 22 kittens. Vertebral extensor, ftexor and combined dominance was recorded in several phases. Thoracic limb support began between days I and 10, while the initiation of pelvic limb support ranged up to day 25. Crossed extensor and Landau reftexes were present in most kittens at various times up to day )9, although the Magnus response was not seen. Auricular muscle control developed at 1·5 weeks, about the same time as claw control.
The development of motor patterns has been studied extensively in prenatal kittens, with good documentation of foetal age, crown-rump length, and mobility (Windle & Griffin, 1931; Windle, O'Donnell & Glasshagle, 1932) . Reflexes and motor responses in the postnatal kitten have not been studied thoroughly, nor have reports on their development been published.
Materials and methods
22 kittens from 8 consecutive litters born in a feline research colony were observed. Data collected from additional kittens which were obviously deformed or which did not survive the duration of the study were not included. Within 24 h of birth, each neonate was identified and its level of motor development determined. The kittens were tested and observed daily until they were 21 days old, after which testing continued on alternate days until 12 weeks of age.
Neuromuscular status of the vertebral column was evaluated by suspending the kitten loosely by the neck and observing its posturing reaction.
Limb support was evaluated by 2 methods. In the 1st the kitten was supported by the body while either the fore or the hindlimbs were lowered to a table. Fore or hindlimb support was judged to be positive when resistance was made to joint flexion. The 2nd method involved observing when the kitten supported its bodyweight over its limbs.
Other motor reflexes were noted. When the interdigital skin of a hindlimb was pinched the kitten withdrew that paw. If the animal exhibited a simultaneous extension of the opposite limb of the pair, the crossed extensor reflex was recorded as positive. The Landau reflex was expressed as total limb extension Received 23 October 1979. Accepted 23 January 1980.
when the kitten was balanced by the experimenter with support only along the ventral midline. To evaluate the Magnus reflex, the kitten's head was turned left and right while the animal was supported around the thorax and abdomen in a vertical position. Extension of the forelimb on the side toward which the head was directed and contralateral withdrawal constituted a positive response. Initiation of auricular ear movement and claw control was also noted.
Results
Although the responses of the major hypaxial and epaxial muscles related to the vertebral column varied at different ages, they tended to fall into 4 categories. Occasionally a kitten hung limp when suspended, a reaction more characteristic of older kittens than neonates. Flexor dominance was characterized by flexion of the vertebral column with forward positioning of both fore and hind limbs. This response appeared in all kittens between days I and 8 (mean 2·1), although its time of disappearance was extremely inconsistent. In only I kitten was the response uninterrupted throughout its duration. Extensor dominance, characterized by extension of the vertebral column, was the 3rd neuromuscular reaction observed.
The thoracic limbs extended ventrally while the pelvic liml;s extended, especially at the coxal joint.
All kittens showed extensor dominance, but the day of onset ranged from day I to day 25 (mean 7· I). With the exception of 2 kittens, this response was intermittent for 1-14 days.
A combination of flexor and extensor dominance was the most common neuromuscular reaction, seen between days 15 and 40. Beginning at any time after the 2nd day of life, the kitten first showed extensor dominance for a few seconds, then curled into flexor dominance which it maintained until released. This dual posturing ended as early as day 10 or as late as day 59 (mean 33·5). Only 2 kittens did not exhibit this combination response. Another combination response, in which the neck was extended while the rest of the body assumed the flexor dominance position, was observed in some kittens beginning around day 35. Several kittens exhibited this response, which often continued past the 12 week test period.
Thoracic limb support, which appeared between days I and 10 (mean 3·5), was first tested by lowering the kitten to a table surface while supporting the caudal part of its body. Kittens became able to support their own weight entirely with their forelimbs between days 1 and 10 (mean 5·7). 5 of the 22 kittens had this ability on the 1st day of life. Although 11 kittens responded by supporting themselves partially 1-7 days before they did so completely, 3 kittens developed these responses in reverse order.
Pelvic limb support, indicated when the hindlimbs were lowered to a table, first appeared at days 1-16 (mean 14·3). Complete self-support began between days 5 and 25 (mean 10·0). In 6 kittens, complete self-support was not preceded by partial support. Except in 2 kittens, pelvic limb support began at least 4 days after the onset of thoracic limb self-support. In the 2 exceptions, however, support when lowered appeared during the 1st 4 days of life and disappeared shortly thereafter for 6 or 7 days. Reappearance of the pelvic limb response followed development of the forelimb response. The partial body support hindlimb response developed 1-16 days (mean 5·9) before self-support.
The crossed extensor reflex appeared between days 1 and 3 (meanl·4) in 18 of the kittens. The remaining 5 did not develop the response, which ended between days 1 and 17 (mean 8 ·1). 4 kittens had intervals of 1-5 days between some responses.
The Landau extensor response to ventral midline support was seen on day 1 in all but 8 kittens. While 3 of the 8 never showed the response, 5 developed it between days 2 and 8, so that the group development mean was 1· 6 days. The response duration varied greatly, and ended from day 2 to day 19 (mean 6·8).
The Magnus reflex was not seen in any of the kittens during the testing period.
Specific neuromuscular control of certain structures was observed and recorded when specific data were available. Motion of the auricular pinna occurred on day 18 in several kittens. Beaver about the same time. By day 16 the kittens were beginning to have some claw withdrawal, although the nails were unsheathed most of the time. Four days later, the claws were normally withdrawn and only unsheathed by the kitten for specific purposes.
Discussion
In spite of well-documented work on feline prenatal muscular development, postnatal kittens are still generally equated with puppies. The difference in extensor and flexor dominance between species is a prime example of why this comparison should not be made. Puppies usually have each type of dominance for a definitive time, whereas, in kittens there is a great deal of variation and overlap. When its mother carries a kitten by the neck, the kitten has a reflex immobility with some characteristics of flexor dominance. This probably explains the preponderance of flexor dominance in kittens, even in the later combined dominance patterns. Prolonged flexor dominance in a somewhat lax state continues past the test age of 12 weeks on into adulthood. The response seems to disappear gradually.
In their ability to support weight, and thus in their locomotor capabilities, these kittens proved more advanced than is usually assumed when extrapolating from studies of the dog.
The crossed extensor and Landau reflexes are normal developmental responses for most kittens. Generally, these reflexes are present at birth and end before 3rd week of life. The Magnus reflex was not seen in any of the experimental kittens.
